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Abstract
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acquired resistance, however, remains unclear. In this study, we investigated serological changes in 
??????????????????????? ?????????????????????????????? ????????????????????? ???????????????????
????????????????????????????????????? ??????????????????????????????????????????????????????-
???????????????????????????? ?????????????????? ?????????????????????????????????????? ????????????
??????????? ???????????????????????????????????????????????????????correlation was observed between 
ELISA optical density value and neutralising antibody titer. Passive immunisation tests showed that 
recipients injected with the serum containing neutralising antibodies showed higher survival rates 
???????????????????????? ?????????????????????????????????????? ??????????????????????????? ?????????
??????????????????????????????????????????????????????????????????????????????????????????????????
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immunity, may work in the survivors that show no detectable neutralising antibodies.
Introduction
Herpesviral haematopoietic necrosis (HVHN), 
caused by cyprinid herpesvirus 2 (CyHV-2), 
??????????????????????????????????????? (????
??????????????) and Prussian carp (??????????) 
??????????????????????????????????????????
Haenen et al???2016; Nanjo et al?, 2016). The 
???????? ????????? ??????????????????????????-
matopoietic tissues (Jung and Miyazaki, 1995; 
Xu et al., 2013).
??????????????????????????????????????????-
?????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????, 2015). 
Shibata et al. (2015) reported that temperatures 
??????????????????? ????????????????? ???????
?????????????????????????????????????????????
to the disease (Tanaka, 2005; Nanjo et al?, 2016). 
Understanding the mechanism underlying this 
acquired resistance can help elucidate how 
????????????????????? ????????????????????
Bull. Eur. Ass. Fish Pathol., 37(2) 2017, 63
???????????????????????????????????????????
measures; however, the resistance mechanism 
remains unclear. Such immunity may involve 
cell-mediated or humoral immune responses. 
In this study, we investigated changes in an-
???????????????????????????????????????????
????????? ???????????????????????????????-
?????????????????????????????????????????????? ???
????????????????????????????? ??????????????????
??????????????????????????????????????? ????-
???????????????????????????????????????????
the antibodies in the survivors can protect the 
recipients.
Materials and methods
Fish and virus
?????????????????????????????????????????????
?????????????? ??????????????????????????????
Japan, were used in this study. CyHV-2 Sat-1 
isolate (Ito et al?, 2013) was propagated in a 
????????????????????????????????????????????, 
??????????????? ????? ???????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????????????????? 
??????????????????????????????????????????????????
????????????????????????????? TCID50 mL??. For 
??????? ????????? ????????????? ??? ???????????
?????????????????????????????????????????????????
????????????????? ???????????????????????????????
× g????????????????????? ??????????????????????
??? ???????????????????????????? ?????????????
??????????????????????????????????????????
mM NaCl, 1 mM EDTA 2Na) and layered onto 
???????????????????????????????????????????
????? ????????????????????????????????g (P40ST 
??????????????????????????????????????????????
??????????????????????????????????????????????
55% sucrose were collected, diluted in TNE, 
?????????????????????????????g (P40ST rotor) 
??????? ???????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????????????????????
??????????????? ??? ???????? ????????? ????????
protein assay reagent (Wako Pure Chemicals).
Selection of ęsh surviving CyHV-2 infection 
as sera donors for passive immunisation test
?????????????????????????????????????? ???????
??????????????????????????? ??? ?????????????-
????????????????????????? ????????? ?????????????
virus culture (10??? TCID50 mL??) to prepare sur-
?????????????????????????????????????????????
with M199 medium as a negative control group. 
???? ??? ???????????????????????? ??????????????????
and the water temperature was increased to 
???? ????????????????????????????????? ????????
??????????????????????????????????????????????
??????????????????????? ??????????????????? ??
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????????????????
???????? ??????????????????????????????? ????
?????????????????????? ?????????????????????
????????????? ??? ??? ???????????????????????
?????????????????????????????????????????????????
i.p. virus challenge) dpi, and the serum was 
???????????????????????????????????????g????????
????????????????????? ???? ???????????????????
????????????????????????????????????????????
?????????????????????????????????????????????????
???????????????????????????????? ???
ELISA for measurement of anti-CyHV-2 
antibodies
???????????????????????????????????????????-
ual donor sera were measured by ELISA O.D. 
???????????????????????????????????????????????
????????????????????????????????????????????
????????????????? ????? ???????????????????????
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???? ??????????????????????????????????????-
?????????????????????????????????????????????
??????????????????????? ?????????????????????
were coated with 50 μL well??????????????????-
???????????????????????) in 0.1M carbonate 
???????????????????????????????? ?????????????
???? ????????? ??? ???? ????????????????????????
containing 0.05% Tween 20 (PBS-T), the wells 
were blocked with 1 % bovine serum albumin 
??????????????????????????????????????????????-
??????????? ???????????????????????? ?????????????
????? ????????????????????????? ?????????? ?????
washing with PBS-T, the wells were incubated 
????????????????????????????????????????????
monoclonal antibody B12 (Toda et al., 2011) 
diluted 1:20 with PBS-T, which can react with 
????????????? ??? ?????? ???? ??????????????-
???????????? ????????? ?????????????????????????
??????????????????? ???? ??????????????????????
& Perry Laboratories [KPL]) diluted 1:5000 with 
??????? ????? ???????????????????????? ????????-
???????????????????????????? ?? ??????????????????
????????????? ???????????? ??????????????????
????????????????????????????????????????????
1 N HCl, and optical density was estimated at 
450 nm (O.D.450) using a MPR-A4i micro-plate 
reader (Tosoh).
Serum neutralisation test 
???????????????????????????????????????????
??????????????? ??????????????????????????? ??????
?????????????????????????? ????????????????????
at 55 dpi were incubated with an equal volume 
??? ????????????????????????????????3.1 TCID50 
mL????????? ?????????? ???????? ????????? ???????
was inoculated in 96-well plates seeded with 
???????????????????????????????????????????
??????????????????????????????????????????-
???????? under an inverted light microscope 
(Nikon TS100). 
assive immunisation of naÊve goldęsh with 
the serum from donors
??????????? ??????????????????????????????
????????????????????????????????????????? ??????
??????????????????????????????????????????
?????????????????????????????????????????????
???????????????????????????????????????????????-
ing donors were selected considering the level 
??????????? ?????????????????????? ???????????
?????????????????????????????????????????????
???? ???????????????????????????? ??????????????
???? ????????? ????????????????????????? ??????
?????? ? ?? ????????????????????????????????????-
????????? ??????????????????????????????????????
????????????????????????????????????????????????
with M199 medium were i.p. injected into 5 
?????????????????????????????????????? ???????
????????????????????????????????????????????
????????????? ??????? ???????????????? ?????????
??????????????????????????????????????????????
???????????????????? ??????????????????????????
????????????????????????????????????????????
immersed in water containing 10??? TCID50 mL???
??? ??????? ?? ????????????????????????????????
??????????????????????????????????????? ?????????????
?????????????????????????????????????????????
(T6, 7, 13) or control donors (C1-3).
Results
Fish surviving CyHV-2 infection after high 
temperature treatment as donors for passive 
immunisation test
??????????????????????????????????????????????-
tion and second challenge with the virus. Two 
??????????????????????????????????????????
temperature water treatment, and 2 (T3 and 4) 
????????????????????????????????????????????-
?????????????????? ??? ??????????????? ??????????
the second virus challenge at 36 dpi. Causes 
?????????????????????????????????????????
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??????????????????????? ?????????????????????
(IFAT) on the kidney smear using anti-CyHV-2 
mouse monoclonal antibody 3D3 (Nanjo et 
al??????????????????????????????????????????????
?????????????????
ELISA for measurement of anti-CyHV-2
?????????????????????????????????????????????????
??????????????????????????????????????? Sera 
??? ???????????????????????????????????? ? ??
?????????????????????????? ????????????????????
??????????????????????? ???????????? ?????????????
???????????????????????????????????????????????
11) showed low O.D. values (0.056 and 0.111), 
????????????????????????????????????????????????
???????????????????????????????????? ??????????
?? ????????????????????????????????????????????
????????????????????????????????????????????
showed no marked change (T1, 11 and 13) or 
a decrease (T2 and 5).
Serum neutralisation test
????????????????????????????????????????????????
?????? ?????????????????????? ????????????????
??????????????????????????????? ?????????? ??-
tralising antibody titer (ND50) was detected in 
????????? ?????? ?????????????????????????????????
(Table 1).
Table 1.??????????????????????????????????????????????????????????????????????????
Donor serum Passive immunisation
O.D450
in ELISA
ND50
Recipient 
group
Injection 
with
Survival rate (%)
1/3 serum 1/30 serum
C1, 2, 3 pool 0.11 <10 ?????????? M199 100 -
T 6, 7, 13 pool 0.64 - ?????????? M199 100 -
C 1, 2, 3 pool* 0.11 <10 ???????? CyHV-2 0 0
T 1 0.35 14 ???????? CyHV-2 40a 0
T 6 0.75 <10 ???????? CyHV-2 20 0
T 7 ???? <10 ???????? CyHV-2 20 0
??? 0.72 ?? ???????? CyHV-2 60a,b 0
T 11 0.16 <10 ???????? CyHV-2 0 0
T 13 ???? <10 ???????? CyHV-2 0 0
a,b?????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????? ??????????????????????????????????????????
???????????????????
66, Bull. Eur. Ass. Fish Pathol., 37(2) 2017
Passive immunisation test
??????????? ?????????????????????????????????
?????????????????????????????????????????????
??????????? ????????????????????????????????-
??????????????????????????????????? ??????????????
???????????????????????????????????????????
?????????????????? ????????? ?????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
died. Survival rates were no more than 20% 
???????????????????????????????????????????????
?????????? ??????????????????? ?????? ??? ?????
???????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????p < 0.05) 
???????????????????????????????????????????????
determined via Kaplan-Meier analysis with 
?????????????????????????? ????? ????????????????
???????????p < 0.05) in cumulative mortality 
????????????????????????????????????????????
??????? ?????????????????????????????????????????
Discussion
???? ??? ??????????????????????????????????????
??????????????????????????????????????? ??-
???????????????????????????????????????????
resistance to the disease, indicating that the 
survivors used as donors in the passive immu-
nisation test acquired immunity to the disease. 
???????????????? ?????????????????????????
????????????????????????????????????????????
antibodies by ELISA; T4 and 10-11 showed 
?? ???????????????????????????????????????????
???????????? ?????????????????????????????????
??????????????????????????????????????????????
12), the second virus challenge likely worked 
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as a booster, resulting in an increase in the O.D. 
value at 55 dpi. 
Neutralising antibodies were detected in two 
????????????????????????????????????????50 ??
???????????????????????????????????????? ??
????????? ???????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????? ????????????
??????????????????????????????????????????????
antibodies in their sera, indicating that there 
was no direct correlation between the amount 
???????????????????????????????????????????
antibodies (O.D. value in ELISA) in this study.
In the passive immunisation test, recipient 
groups injected with the serum (diluted 1:3) con-
taining neutralising antibodies demonstrated 
higher survival rates than controls. Recipient 
groups receiving these sera diluted 1:30 showed 
????? ????????? ??????????????????????????? ??-
tralising antibody in the serum being low (1:14 
??????????????????????????????????????????????
?????????????????????????????????????????????
results suggest that neutralising antibodies can 
??????????????????????????????????????????????
against the disease. Ito and Ototake (2013) and 
Figure 2. ??????????????????????????????????????????????????????????????????????????????????????????????????
were injected with inactivated donor sera diluted 1:3 (A) and 1:30 times (B). Group names are shown in 
???????????????????????? ?????????????????????????????????????????????????????? ???????????????????????????
??????????????? ????????????????????????????
Zhang et al. (2016) reported that an inactivated 
??????????????????????????????????????????
??????????????????????????????????????????????-
tralising antibodies. The present study dem-
???????????????? ?????????????????????????????
??????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????????
??????????????
A surviving donor (T11) showed anti-CyHV-2 
???????????????????????????????????????????????????
but neutralising antibodies were undetectable in 
its serum. The donor, however, showed resist-
ance during the second virus challenge. Passive 
? ??????????? ????????????????????????? ???????
???????????????????????????????????????????-
??????????????????????????????????????? ????????
may be at work. Adkison et al? (2005) reported 
that a passive immunisation test using pooled 
??????????????????????????????? ?????????????
CyHV-3 challenge, suggesting that develop-
??????????????????????????????????????????? ????
??????????????????????? ?????????????????????????
immune responses.
Increasing the water temperature to virus non-
????????????????????????????????????????????????
??????????????????? ??????????????????????????????
a subsequent virus challenge (Tanaka, 2005; 
Nanjo et al., 2016). However, the protection 
????????? ????????????????????????????????????? -
??????????????????????????????????? ????????
?????????????????????????????????????????????
????????????????????????????? ????????????? ?????
???????????????????????????????????????????
??????????????????????????????????????????????
may depend on virus propagation during the 
?????????????????????????????????????????????????
virus injection (Nanjo et al?, 2016). The present 
??????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????????? ???????-
??????????????????????????????????????????????
Further studies are necessary to elucidate in 
???????????? ?????????????????????????????????????
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